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(57) ABSTRACT

A system and a method for modeling a predefined space
including at least one three-dimensional physical surface,
referred to hereinafter as a “measuring space”. The system
and method use a scanning system enabling to acquire three-
dimensional (3D) data of the measuring space and at least one
two-dimensional (2D) sensor enabling to acquire 2D data of
the measuring space. The system and method may enable
generating a combined compound reconstructed data (CRD),
which is a 3D geometrical model of the measuring space, by
combining the acquired 2D data with the acquired 3D data, by
reconstructing additional 3D points, from the combined 3D
and 2D data thereby generating the CRD model. The gener-
ated CRD model includes a point cloud including a substan-
tially higher density of points than that of its corresponding
acquired 3D data point cloud from which the CRD was gen-
erated.

26 Claims, 8 Drawing Sheets
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SYSTEM AND METHOD FOR GEOMETRIC
MODELING USING MULTIPLE DATA
ACQUISITION MEANS

RELATED APPLICATIONS

This application is a National Phase of PCT Patent Appli-
cation No. PCT/IB2010/050727 having International filing
date of Feb. 18, 2010, which claims the benefit of priority of
U.S. Provisional Patent Application Nos. 61/251,823 filed on
Oct. 15, 2009 and 61/153,657 filed on Feb. 19, 2009. The
contents of the above applications are all incorporated herein
by reference.

BACKGROUND

1. Field of the Invention

The present invention relates generally to the field of geo-
metric modeling and more particularly to geometric model-
ing using multiple data acquisition means.

2. Related Art

Creating a three-dimensional (3D) model of geometrical
surfaces can be carried out by using 3D scanners, enabling to
measure points over the surface, often called point cloud,
each point in the cloud represented by three coordinates (X,y,
7).

The density ofthe points in the point cloud usually depends
on the scanner’s resolution. A high resolution scanner can
provide a dense cloud comprising high number of measured
3D points, producing a data file for each scanning session
(e.g. represented via a three-dimensional matrix indicating
each coordinate indicator of each measured point). The size
of' the file may be inefficient for various applications such as
for online streaming of the measured data, real time analysis
of the point cloud, etc.

High-resolution scanners can be quite expensive and may
fail to provide additional information such as the coloring and
texture of the surface. Moreover, these scanners may not be
efficient for identifying objects and elements along the sur-
face scanned and may be hard to handle in image analysis for
identification of such objects due to their substantially
homogenous scanning of the surface. These scanners usually
do not enable changing the scanning resolution according to
the amount of detailing (elements and objects) in each part of
the surface scanned mainly since such information and dis-
tinction can only be executed once the scanning data is
already provided.

BRIEF SUMMARY

Embodiments of the present invention provide a method
comprising: acquiring 3D measurements of a specified space
that contains physical objects, to yield at least one measured
cloud of points, each point representing a specified location
on a respective surface defining a respective object, wherein
the measured cloud of points exhibits a first level of resolu-
tion; capturing at least one 2D image of the specified space,
wherein the image comprises an array of pixels exhibiting a
second level of resolution, wherein each pixel is associated
with at least one physical parameter of a respective surface of
a respective object; and applying a reconstruction function to
the at least one 2D image and the at least one 3D measured
cloud of points to yield a reconstructed cloud of points rep-
resenting the surfaces of the objects, wherein the recon-
structed cloud of points exhibits a third level of resolution,
wherein the second level of resolution is significantly greater
than the first level of resolution, the third level of resolution is
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greater than the first level of resolution; and wherein at least
one of the acquiring, the capturing, and the applying is in
operative association with at least one processor.

The present invention, in some embodiments thereof, pro-
vides a system and a method for modeling at least one part of
a predefined space including at least one three-dimensional
physical surface, where the space part is referred to as a
“measuring space”.

According to one aspect of the invention, there is provided
a method that of modeling at least one measuring space
including at least one three-dimensional (3D) physical sur-
face, the method comprising: providing a scanning system
enabling to acquire 3D data including a point cloud of the
measuring space of substantially low-resolution; providing at
least one two dimensional (2D) sensor enabling to acquire 2D
data of the measuring space of substantially high-resolution;
providing a positioning relation data, representing a position-
ing between the scanning system and the 2D sensor, which is
known at any given moment while the scanning system and
2D sensor are operated; acquiring 3D data of the measuring
space; acquiring 2D data of the measuring space; and gener-
ating a combined compound reconstructed data (CRD),
which is a geometric model of the measuring space, by com-
bining the acquired 2D data with the acquired 3D data, taking
into account the positioning relation data, by reconstructing
additional 3D points (e.g. using an interpolation), from the
combined 3D and 2D data thereby generating the CRD
model, where generated the CRD model includes a point
cloud including a substantially higher density of points than
that of the corresponding acquired 3D data point cloud.

According to another aspect of the invention, there is pro-
vided a method of modeling at least one measuring space
including at least one three-dimensional (3D) physical sur-
face, the method comprising: providing a scanning system
enabling to acquire 3D data including a point cloud of the
measuring space of substantially low-resolution; providing at
least one two dimensional (2D) sensor enabling to acquire 2D
data of the measuring space of substantially high-resolution;
providing a positioning relation data, representing a position-
ing between the scanning system and the 2D sensor, which is
known at any given moment while the scanning system and
2D sensor are operated; acquiring 3D data of the measuring
space; acquiring 2D data of the measuring space, using the at
least one 2D sensor; providing calibration data, which relates
to the relation between the 2D imaging device and the 3D
scanning system; generating a combined compound recon-
structed data (CRD), by combining the acquired 2D data with
the acquired 3D data in respect to the calibration data, by
reconstructing additional 3D points creating a CRD model of
the measuring space, from the combined 3D and 2D data;
extracting elements data (ED) out of each 2D data acquired by
the at least one 2D sensor; and generating a geometrical
model of the measuring space and an element model of each
extracted element, by combining the CRD of each part of the
space with the extracted ED, where the generated CRD model
includes a point cloud including a substantially higher density
of points than that of the corresponding acquired 3D data
point cloud.

According to yet another aspect of the invention, there is
provided a system for modeling at least one measuring space
including at least one three-dimensional (3D) physical sur-
face, the system comprising: (i) an acquisition system com-
prising a scanning system comprising at least one scanner for
acquiring 3D data of the measured space, wherein the
acquired 3D data includes a point cloud; and at least one 2D
sensor, operatively associated with said scanning system,
wherein said 2D sensor enables acquiring 2D data of the
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scanned space part; and (ii) a geometrical modeling unit,
which enables retrieving acquired 2D and 3D data and addi-
tional data from the acquisition system and analyze the
received data to generate, a combined reconstructed data
(CRD) model, which is a 3D geometrical model of the mea-
suring space that was scanned, where the CRD is created by
combining the acquired 2D data with the acquired 3D data, by
reconstructing additional 3D points (e.g. using an interpola-
tion) creating a CRD model of the measuring space, from the
combined 3D and 2D data, and where the generated CRD
model includes a point cloud including a substantially higher
density of points than that of the corresponding acquired 3D
data point cloud.

According to yet another aspect of the invention, there is
provided a geometrical modeling unit comprising a CRD
module, which enables retrieving acquired two-dimensional
(2D) data and three-dimensional (3D) data including a point
cloud and additional data of at least one part of a predefined
space including at least one three-dimensional physical sur-
face, wherein said space part is referred to as a measuring
space, wherein the 2D data is acquired from at least one 2D
sensor and the 3D data is acquired from at least one 3D
scanning system, where the geometrical modeling unit
enables generating, a combined reconstructed data (CRD),
which is a 3D geometrical model of the measuring space that
was scanned, the CRD is created by combining the acquired
2D data with the acquired 3D data, by reconstructing addi-
tional 3D points creating a model of the measuring space,
from the combined 3D and 2D data, and where the generated
CRD model includes a point cloud including a substantially
higher density of points than that of the corresponding
acquired 3D data point cloud.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter regarded as the invention will become
more clearly understood in light of the ensuing description of
embodiments herein, given by way of example and for pur-
poses of illustrative discussion of the present invention only,
with reference to the accompanying drawings, wherein

FIG. 1 is a flowchart, schematically illustrating a method
for modeling three-dimensional surfaces by combining 2D
and 3D data produced by 2D and 3D data acquisition means,
according to some embodiments of the invention;

FIG. 2 is a block diagram, schematically illustrating a
system for modeling three-dimensional surfaces by combin-
ing 2D and 3D data produced by 2D and 3D data acquisition
means, according to some embodiments of the invention;

FIG. 3 is a block diagram, schematically illustrating a
geometrical modeling unit enabling to process and combine
2D and 3D data for creating geometrical models of 3D sur-
faces, according to some embodiments of the invention;

FIG. 4 is a flowchart, schematically illustrating a process
for enhancing a geometrical model, according to some
embodiments of the invention;

FIG. 5 is a flowchart, schematically illustrating a process
for modeling three-dimensional surfaces by combining 2D
and 3D data of multiple acquisition views produced by mul-
tiple data acquisition means, according to some embodiments
of the invention;

FIG. 6 is a flowchart schematically illustrating a process of
using and presenting 3D models comprising combined views
of elements data, according to some embodiments of the
invention;

FIG. 7 is a high level schematic flowchart of a method,
according to some embodiments of the invention; and
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FIG. 8 is a high level schematic block diagram of a data
processing system, according to some embodiments of the
invention.

DETAILED DESCRIPTION

Before explaining at least one embodiment ofthe invention
in detail, it is to be understood that the invention is not limited
in its application to the details of construction and the
arrangement of the components set forth in the following
description or illustrated in the drawings. The invention is
applicable to other embodiments or of being practiced or
carried out in various ways. Also, it is to be understood that
the phraseology and terminology employed herein is for the
purpose of description and should not be regarded as limiting.

For a better understanding of the invention, the usages of
the following terms in the present disclosure are defined in a
non-limiting manner:

The term “three dimensional (3D) measurement” as used
herein in this application, is defined as a spatial location of a
point which may be measured in any frame of reference and
any coordinate system—e.g., Cartesian, spherical, cylindri-
cal, parabolic, or ellipsoid.

The term “3D point cloud” as used herein in this applica-
tion, is defined as a set of 3D measurements.

The term “scanning” as used herein in this application, is
defined as a using any technology that enables to obtain a 3D
model of objects in space, thereby generating a point cloud in
3D that represents the objects.

The term “interpolation” as used herein in this application,
is defined as an application of a decision function to construct
a function which closely fits a set of points and deduce
thereby additional 3D points. The decision function may
comprise a soft decision function that allows for a range of
values for each measured 3D point, the range indicating a
certainty level of the 3D point.

FIG. 7 is a high level schematic flowchart of a method,
according to some embodiments of the invention. The method
comprises the following stages: acquiring 3D measurements
of'a specified space (stage 300) that contains physical objects,
to yield at least one measured cloud of points, each point
representing a specified location on a respective surface
defining a respective object, wherein the measured cloud of
points exhibits a first level of resolution; capturing at least one
2D image of the specified space (stage 305), wherein the
image comprises an array of pixels exhibiting a second level
of resolution, wherein each pixel is associated with at least
one physical parameter of a respective surface of a respective
object; and applying a reconstruction function (stage 310) to
the at least one 2D image and the at least one 3D measured
cloud of points to yield a reconstructed cloud of points rep-
resenting the surfaces of the objects, wherein the recon-
structed cloud of points exhibits a third level of resolution.
The second level of resolution is significantly greater than the
first level of resolution, the third level of resolution is greater
than the first level of resolution. Atleast one of stages 300-310
is in operative association with at least one processor.

The method may further comprise calibrating the recon-
struction function (stage 315) according to a relation between
the 3D measurements of the specified space and the captured
at least one 2D image.

The method may further comprise modeling, using the
reconstructed cloud of points, at least one of: the surfaces;
contours of the surfaces; textures of the surfaces; and colors
of the surfaces (stage 320).
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The method may further comprise associating elements
with subsets of the reconstructed cloud of points; and mod-
eling the elements (stage 325).

The method may further comprise obtaining additional
data and incorporating the additional data in the applying the
reconstruction function (stage 330).

The at least one 2D image may comprise a plurality of 2D
images captured in different angles in respect to the specified
space.

The method may further comprise repeating the method at
specified periods and comparing the reconstructed cloud of
points relating to different specified periods such as to deter-
mine temporal changes in the specified space (stage 335).

The method may further comprise associating elements
with subsets of the reconstructed cloud of points; and follow-
ing the temporal changes of the elements (stage 340).

The method may further comprise enhancing the captured
at least one 2D image with the acquired 3D measurements
(stage 345).

Acquiring the 3D measurements (stage 300) and capturing
the 2D images (stage 305) may be carried out with a fixed
relative spatial angle. The method may further comprise fix-
ating the relative spatial angle while changing acquisition
angles and capturing angles (stage 347).

FIG. 8 is a high level schematic block diagram of a data
processing system, according to some embodiments of the
invention. The data processing system comprises at least one
scanner 350 arranged to acquire 3D measurements of a speci-
fied space that contains physical objects, to yield at least one
measured cloud of points, each point representing a specified
location on a respective surface defining a respective object,
wherein the measured cloud of points exhibits a first level of
resolution; at least one sensor 355 arranged to capture at least
one 2D image of the specified space, wherein the image
comprises an array of pixels exhibiting a second level of
resolution, wherein each pixel is associated with at least one
physical parameter of a respective surface of a respective
object; and a modeling unit 360 arranged to receive the
acquired 3D measurements from scanner 350 and the cap-
tured 2D images from sensor 355, and to apply a reconstruc-
tion function to the at least one 2D image and the at least one
3D measured cloud of points to yield a reconstructed cloud of
points representing the surfaces of the objects, wherein the
reconstructed cloud of points exhibits a third level of resolu-
tion, wherein the second level of resolution is significantly
greater than the first level of resolution, the third level of
resolution is greater than the first level of resolution.

Scanner 350 and sensors 355 may be positioned with a
fixed relative spatial angle. The data processing system may
further comprise a controller 365 arranged to determine rela-
tive positioning of scanner 350 and sensor 355. Controller
365 may be further arranged to change acquisition angles of
scanner 350 and capturing angles of sensors 355, while fix-
ating a relative spatial angle between scanner 350 and sensors
355.

The data processing system may further comprise a user
interface 370 arranged to allow a user to determine relative
positioning of scanner 350 and sensor 355. User interface
may be further arranged to obtain data from a user, and
modeling unit 360 may be further arranged to enhance the
reconstructed cloud of points using the data.

Modeling unit 360 may be further arranged to model, using
the reconstructed cloud of points, at least one of: the surfaces;
contours of the surfaces; textures of the surfaces; colors of the
surfaces; and elements associated with subsets of the recon-
structed cloud of points.
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Sensors 355 may comprise at least one of: a thermal sensor;
an optical sensor; an acoustic sensor; a vibration sensor; an
electromagnetic sensor; an RF sensor; a microwave sensor.

Scanners 350 comprises at least one of: a thermal scanner;
an optical scanner; an acoustic scanner; a vibration scanner;
an electromagnetic scanner; an RF scanner; a microwave
scanner.

Scanners 350 may be further arranged to repeatedly
acquire 3D measurements of the specified space, sensors 355
may be further arranged to repeatedly capture 2D images of
the specified space, and modeling unit 360 may be further
arranged to repeatedly yield reconstructed clouds of points at
specified periods, and to compare the reconstructed cloud of
points relating to different specified periods such as to deter-
mine temporal changes in the specified space.

The data processing system may further comprise a fol-
lower 375 arranged to associate elements with subsets of the
reconstructed cloud of points; and to follow the temporal
changes of the elements.

Modeling unit 360 may be further arranged to enhance the
2D images with the acquired 3D measurements, and/or to
enhance the 2D images using the reconstructed cloud of
points.

Sensors 355 may apply any imaging technology (e.g., ther-
mal, RF, microwave, optical, acoustic, etc.) and scanners 350
may use any technology to generate the 3D mapping.

Modeling unit 360 may use 3D data to enhance 2D data and
vice versa, as well as enhance 3D data from different scanners
350 and enhance 2D data from different sensors 355.

The remainder of the description is an non-limiting exem-
plary embodiment of the invention.

The present invention, according to some embodiments
thereof, provides a system and a method for modeling at least
one part of a predefined space including at least one three-
dimensional physical surface, wherein the space part is
referred to hereinafter as a “measuring space”.

According to some embodiments of the invention, the sys-
tem and method may use a scanning system enabling to
acquire 3D data of the measuring space (e.g. at least one laser
scanner enabling to produce point cloud with each scanning
session) and at least one 2D sensor (e.g. a camera, a detector,
etc.) enabling to acquire 2D data of the measuring space.

The 2D sensor and the 3D scanning system may be posi-
tioned in relation to one another, which is known at any given
moment while acquiring the 3D and the 2D data (e.g. a known
angular aperture that can be set and defined by a user between
the focal direction of the scanner and the focal direction of the
2D sensor (e.g. camera). Further more the calibration date
may provide the relative position relations between any mea-
sured point cloud by the 3D scanner to any pixel in the 2D
sensor.

The system and method may enable generating a combined
compound reconstructed data (CRD), which is a 3D geo-
metrical model of the measuring space, by combining the
acquired 2D data with the acquired 3D data, by reconstructing
additional 3D points (e.g. using interpolation), from the com-
bined 3D and 2D data thereby generating the CRD model.

Reference is now made to FIG. 1, which is a flowchart,
schematically illustrating a method for combining acquired
2D and 3D data for generating geometrical model(s), of the
measuring space from which the 3D and 2D data are acquired.

According to these embodiments, the method may com-
prise:

acquiring 3D data 21 of the measuring space (e.g. using a
scanning system which includes at least one laser scanner for
producing a point cloud);
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acquiring 2D data 22 of the measuring space (e.g. using at
least one 2D sensor such as a camera);

providing calibration data 23, which relates to the relation
between the 2D imaging device and the 3D scanning system;

generating 31 combined compound reconstructed data
(CRD) 25, by combining the acquired 2D data 22 with the
acquired 3D data 21 in respect to the calibration data 23, using
an interpolation enabling to reconstruct 3D points creating a
CRD model of the measuring space, from the combined 3D
and 2D data 21 and 22 respectively;

extracting 32 elements data (ED) 26 out of each 2D data 22
acquired (e.g. by at least one 2D sensor);

generating a geometrical model 27 of the measuring space
and an element model of each extracted element 33, by com-
bining the CRD 25 of each measuring space that is scanned
with the extracted ED 26; and

enabling to present 34 each element model separately (e.g.
in contour lines representation and/or in point cloud repre-
sentation) according to its positioning in the measuring space
200 and/or to present the combined representation of all or
some of the element models according to their positioning in
the measured space (e.g. presenting the elements’ relative
positioning to one another according to their measured posi-
tioning in the measured space)

According to embodiments, the acquired 3D data may
include a point cloud of the measuring space, where each
point in the point cloud is represented by three coordinates’
values: x,y,z. The 2D data may include an image having
acquired points in two dimensions where each point is repre-
sented by a two-dimensional coordinates values x',y'. The
interpolation may enable producing points of higher resolu-
tion that the resolution of the initial point cloud. The points
produced by the interpolation process having three coordi-
nates’ values of each point x",y" x" may be calculated accord-
ing to a predefined interpolation function or mathematical
operator, enabling to transform each point x',y' of the 2D data
into a three-dimensional point x,y,z and thereby improving
the resolution of the original 3D point cloud by adding more
points to the cloud.

For example, if each scanning of the measuring space
produces an “N” number of 3d points and the 2D image
acquisition produces “M” number of 2d points, the total num-
ber of points “P” in the new CRD cloud model may be
substantially: N<P<=M.

According to some embodiments, wherein acquiring of the
2D data may produce a 2D image of higher resolution that the
resolution of the acquired 3D data (e.g. M>>N) thereby the
additional calculated 3D points, added to the original point
cloud may be extremely efficient for getting high resolution
and high quality CRD 25 model out of a low-resolution point
cloud (e.g. achieving high-resolution modeling using cheap
scanners of low-resolutions).

According to some embodiments, the ED may include one
or more features of the identified elements of each measuring
space such as the contour lines of each element, the texture
mapping of each element, the color mapping of each element
and the like, enabling to generate an element model for each
element according, for example, to the identified contour
lines.

The elements may be defined by contour lines; a list of
structures indicators, dimensions and positions (e.g. a cylin-
der of defined dimensions attached at the upper baser to a
sphere of defined dimensions, etc.); objects and the like that
can be identified from the 2D data 22 (e.g. image) at each
acquisition session through image analysis of the 2D data 22.

The contour lines, the color and/or texture of each element
may be identified by image analysis of the acquired 2D data.
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The data (2D and/or 3D) acquisition may be carried out in
real time and substantially simultaneously at the 2D sensor
and the 3D scanner or alternatively, at different times.

The data processing may be carried out offline at a remote
processing unit.

Reference is now made to FIG. 2, which is a block diagram,
schematically illustrating a system 100 for modeling a mea-
suring space 200 comprising various elements 210a, 2105,
210c¢ and 2104.

As illustrated in FIG. 2, an element 210 may be any physi-
cal surface that can be distinguished from another physical
surface such as a corner of a room 2104, a rectangular object
210c¢ including another element 2105 therein or thereupon
etc.

According to embodiments illustrated in FIG. 2, the system
1000 may comprise:

an acquisition system 100 comprising:

a scanning system 110 comprising at least one scanner 111
for acquiring 3D data 21 of the measured space 200; and

at least one 2D sensor 120, operatively associated with the
scanning system 110, enabling to acquire 2D data 22 of the
scanned measured space 200; and

a controller 130 enabling a user to adjust the positioning
relation between the 2D sensor 120 and the scanning system
110, and customize operative features of each 2D sensor 120
and scanner 111 of the acquisition system 100;

and

a geometrical modeling unit 150, which enables retrieving
acquired 2D and 3D data 22 and 21 and additional data (e.g.
ration data 23 or any other additional data) from the acquisi-
tion system 100 and analyze the received data to generate, a
combined reconstructed data (CRD) model, which is a 3D
geometrical model of the measuring space 200 that was
scanned and other enhanced models relying upon the CRD
and other additional data.

The CRD may be generated by combining the acquired 2D
data 22 with the acquired 3D data 21, using an interpolation
enabling to reconstruct 3D points creating a CRD model of
the measuring space 200, from the combined 3D and 2D data.

The scanner 111 may be a low-resolution scanner produc-
ing a point cloud at each scanning session, compared to the
acquisition resolution of the 2D sensor 120, where the gen-
erating of a CRD may improve the resolution of the generated
CRD, which be an improved point cloud of higher resolution
than that of the original point cloud of the acquired 3D data
21. The 2D sensor 120 may produce, 2D image data 22 of
high-resolution, compared to the resolution of the 3D data 21
produced by the scanner 111.

The scanner 111 may be a 3D scanner, producing a point
cloud or any other scanner producing 3D data of scanned
physical surfaces such as an RF scanner, photometric systems
(using multiple 2d cameras to produce 3D images), passive
scanners enabling to detect radiation emitted from an external
source, or any other scanner or system producing 3D data of
3D physical surfaces known and/or to be known in the art.

The 2D sensor may be any device enabling to acquire 2D
data (e.g. images) such as a camera, a CCD, a video camera,
and/or any other device known and/or to be known in the are
enabling acquiring 2D data.

The geometrical modeling unit 150 may be a software, a
hardware or a combined module, which may be embedded
and ran by at least one computerized system 170 associated
with the acquisition system 100 or embedded in the controller
130 of the acquisition system 100 or anywhere else that
enables the geometrical modeling unit 150 to enable process-
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ing the data retrieved or received from the acquisition system
100 and produce models of either CRD, improved elements
models etc.

Additionally or alternatively, the produced models (either
CRD or other data) may be transmitted from the geometrical
modeling unit 150 to any designated computerized system for
storing, further processing etc. such as for other modeling
software tools such as CAD (computer aided design).

Reference is now made to FIG. 3, which schematically
illustrates the geometrical modeling unit 150, according to
some embodiments of the invention. According to these
embodiments, the geometric modeling unit 150 may com-
prise: a CRD module 151, which enables retrieving acquired
2D data 22 and 3D data 21 and additional data of the measur-
ing space 200 and generating, CRD, which is a 3D geometri-
cal model of the measuring space 200 that was scanned in
each scanning session; an elements module 152, which
enables extracting elements data (ED) 26 out of each acquired
2D data 22 of the measuring space 200; and generating a
geometrical model of the measuring space 200 and of each
extracted element in the measuring space 200, by combining
the CRD with each extracted ED of the measuring space; an
enhancement module 153 enabling to enhance each geo-
metrical model (either a CRD model 25 or an element model
27) by receiving additional data and executing additional
calculations for creating the enhanced geometrical model
(e.g. by adding coloring, texture, other acquisition data to
enhance the model); and a rotation module 154, enabling to
generate a mathematical operator enabling to rotate and/or
linearly shift the models, by analyzing multiple CRD models
and elements data acquired at different views of the same
measuring space 200, where the rotation module 154 further
enables identifying common elements shared by both CRD
views by analyzing of the elements; calculating and generat-
ing a transformation operator (e.g. a mathematical matrix
operator), using the identified coordinates of the elements
identified, where the transformation operator enables broad-
ening the CRD model view according to the rotation and/or
shifting views provided by identifying the overlapping areas
between the at least two CRD received; and calculating rota-
tion and/or shifting transformation of the model of each ele-
ment in the measuring space 200, using the transformation
operator, thereby producing a broad view (e.g. a panoramic
view) of the measuring space 200.

Reference is now made to FIG. 4, which is a flowchart
schematically illustrating a process for enhancing a CRD
and/or element model 25/27 received at 41, according to some
embodiments of the invention. According to these embodi-
ments, the enhancement module 153 may receive additional
data either user input data 43 inputted by one or more users
and/or additional acquired data 42 acquired by other external
device enabling to acquire image data of the measuring space
200 such as a thermal sensor (producing thermal 2D image of
the space 200); seismic sensor (producing a seismic 2D image
of the space 200) or any other acquisition device and tech-
nique known in the art. The model may enhanced 51 by
combining the model data (e.g. the improved point cloud of
the CRD 25) with the additional data and/or by first analyzing
the additional data (e.g. using image analysis, for example,
for identifying the contour lines of the elements or defining
elements as hot or cold bodies identified in the thermal image
produced by the thermal sensor). The resulting model may be
an enhanced model 52 including more information regarding
the originally inputted CRD or elements model.

According to some embodiments of the invention, the addi-
tional data may be received from one or more additional
imaging devices, which may include, for example a millimet-
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ric-waves scanner (such as an RF scanner enabling to identify
objects using RF or any other millimetric-waves technology),
wherein the enhancement of the geometrical model may
include mapping of objects in the scanned space according to
the positioning of the object by adding 3D points to the points
cloud, wherein the mapping enables using the millimetric-
waves scanner to identity and further scan the objects and to
identify and scan objects that are hidden by other objects in
said scanned space (for example, objects that are hidden
behind a wall or inside another object).

Reference is now made to FIG. 5, which is a flowchart,
schematically illustrating a process for generating the trans-
formation operator and using the operator for rotating and
shifting of generated models.

The process may comprise:

receiving at least two CRD 21a and 215 associated with
different acquisition views of the measuring space 200;

receiving at least two ED 22a and 225 corresponding to the
views of the received CRD 200,

identifying coordinates of each element model in each
CRD using its corresponding ED 71;

identifying common elements 72 shared by both CRD
views;

calculating and generating a transformation operator 73
(e.g. a mathematical matrix operator), using the identified
coordinates of the elements identified, where the transforma-
tion operator 63 enables broadening the CRD model view
according to the rotation views provided by identifying the
overlapping areas between the at least two CRD received; and

calculating rotation transformation 74 of the model of each
element in the measuring space 200, using the rotation trans-
formation operator 63, thereby producing a combined model
64 comprising data of multiple views of elements including a
broader view of the measuring space 200 (e.g. a panoramic
view).

Reference is now made to FIG. 6, which is a flowchart
schematically illustrating a process of using and presenting
the combined models 64 comprising combined views of ele-
ments data, according to some embodiments of the invention.

According to the process presented in FIG. 6, the process
may comprise:

retrieving a combined model data 64 comprising multiple
views of each element and other features relating to each
element (such as color, texture, shadings, cross sectional
views etc.) 75 e.g. by using a software for presenting and
manipulating 3D models (such as CAD);

identifying features (such as coordinates, scaling, surfaces,
color, texture, shadings, cross sectional views etc.) of each
element in the combined model 76;

positioning each element in the virtual space according to
at least some of the identified features (e.g. coordinates and
scales, surfaces functions etc.) 77; and

presenting the elements’ 3D models in the virtual space
according to the identified features 78.

Another separate graphical tool (e.g. CAD) may be used
for carrying out the process of presenting and manipulating
(e.g. rotating viewing cross sections, changing textures and
colors, etc.) each element of the combined model. The mul-
tiple views may be used by the separate graphical tool to
enable rotating each element model in various rotation posi-
tions.

According to some embodiments of the invention, two 2D
sensors 120 (e.g. two high-resolution cameras) may be used
and installed in the system 1000 to enhance the distance of
measurement from which 3D surfaces can be measured.
Since commonly used low-resolution scanners 110 usually
enabling measuring maximal distances of around 7.5 meters,
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which is often too low, using two 2D sensors may enable
enlarging the maximal measuring distance by using the 2D
data information received from both 2D sensors 120 to mea-
sure distances from the acquisition system 100 to the surfaces
measured thereby.

The two 2D sensors 120 measure the surface(s) from two
points of view at each given moment, enabling to produce two
sets of 2D data. The two sets of acquired 2D data of two points
of view may then be processed to construct a 3D model, as
known in the art.

The positioning relation between the two sensors 120 and
between each of the 2D sensors 120 and the scanner 110 may
be known and may also be adjustable.

The processing of the two data sets to construct a 3D model
may take into account in the calculations the positioning
relation between the two sensors 120.

The distance or maximal distance between the measured
point on the physical surface and the sensors 120 may be
calibrated, in real time, and may be required for each single
measurement. To calibrate the two sensors 120, each 2D data
image from a first sensor 120 may be calibrated against the 2D
data image of a second sensor 120, where the positioning
relation between the first and the second sensor 120 are
known. The system 1000 may enable extracting 2D Element
data (ED) from each sensor 120 and associate each identified
element of one sensor 120 to an identified element of the other
sensor 120. At least some of the xy points (pixels) measured
by each 2D sensor 120 may be calibrated according to 3D
points x'y'z' from the scanner 110. Each measured pixel in the
2D data of each 2D sensor 120 may be mathematically asso-
ciated with a direction vector deduced by using the 3D data of
the scanner 110 and/or by using the two points of view of the
two 2D sensors 120. The 2D data and the direction vector may
enable calculating an interpolated new 3D point thereby
enhancing the point cloud. In this way, once the 2D data has
calibrated in accordance with the 3D data in an initial mea-
surement, the measuring session may begin without having to
recalibrate in each measuring point.

According to some embodiments of the invention, the sys-
tem may further enable analyzing and calculating changes in
the geometric model in time, wherein an additional scanning
system (e.g. a scanner that can move inside the measuring
space; or a static scanner that measures the changes in the
space over time) can receive the already identified and calcu-
lated geometric model and only measure or search for
changes in the model. This may allow a near real time system
that allows scanning the space by requiring a low-resolution
additional 3D scanner for measuring the changes in the space
over time since the model data is already known in the system.

In the above description, an embodiment is an example or
implementation ofthe inventions. The various appearances of
“one embodiment”, “an embodiment” or “some embodi-
ments” do not necessarily all refer to the same embodiments.

Although various features of the invention may be
described in the context of a single embodiment, the features
may also be provided separately or in any suitable combina-
tion.

Conversely, although the invention may be described
herein in the context of separate embodiments for clarity, the
invention may also be implemented in a single embodiment.

Reference in the specification to “some embodiments™, “an
embodiment”, “one embodiment” or “other embodiments”
means that a particular feature, structure, or characteristic
described in connection with the embodiments is included in
at least some embodiments, but not necessarily all embodi-
ments, of the inventions.
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Itis to be understood that the phraseology and terminology
employed herein is not to be construed as limiting and are for
descriptive purpose only.

The principles and uses of the teachings of the present
invention may be better understood with reference to the
accompanying description, figures and examples.

It is to be understood that the details set forth herein do not
construe a limitation to an application of the invention.

Furthermore, it is to be understood that the invention can be
carried out or practiced in various ways and that the invention
can be implemented in embodiments other than the ones
outlined in the description above.

Itis to be understood that the terms “including”, “compris-
ing”, “consisting” and grammatical variants thereof do not
preclude the addition of one or more components, features,
steps, or integers or groups thereof and that the terms are to be
construed as specifying components, features, steps or inte-
gers.

If the specification or claims refer to “an additional” ele-
ment, that does not preclude there being more than one of the
additional element.

Itis to be understood that where the claims or specification
refer to “a” or “an” element, such reference is not to be
construed that there is only one of that element.

Itis to be understood that where the specification states that
a component, feature, structure, or characteristic “may”,
“might”, “can” or “could” be included, that particular com-
ponent, feature, structure, or characteristic is not required to
be included.

Where applicable, although state diagrams, flow diagrams
or both may be used to describe embodiments, the invention
is not limited to those diagrams or to the corresponding
descriptions. For example, flow need not move through each
illustrated box or state, or in exactly the same order as illus-
trated and described.

Methods of the present invention may be implemented by
performing or completing manually, automatically, or a com-
bination thereof, selected steps or tasks.

The term “method” may refer to manners, means, tech-
niques and procedures for accomplishing a given task includ-
ing, but not limited to, those manners, means, techniques and
procedures either known to, or readily developed from known
manners, means, techniques and procedures by practitioners
of the art to which the invention belongs.

The descriptions, examples, methods and materials pre-
sented in the claims and the specification are not to be con-
strued as limiting but rather as illustrative only.

Meanings of technical and scientific terms used herein are
to be commonly understood as by one of ordinary skill in the
art to which the invention belongs, unless otherwise defined.

The present invention may be implemented in the testing or
practice with methods and materials equivalent or similar to
those described herein.

Any publications, including patents, patent applications
and articles, referenced or mentioned in this specification are
herein incorporated in their entirety into the specification, to
the same extent as if each individual publication was specifi-
cally and individually indicated to be incorporated herein. In
addition, citation or identification of any reference in the
description of some embodiments of the invention shall not
be construed as an admission that such reference is available
as prior art to the present invention.

While the invention has been described with respect to a
limited number of embodiments, these should not be con-
strued as limitations on the scope of the invention, but rather
as exemplifications of some of the preferred embodiments.
Other possible variations, modifications, and applications are
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also within the scope of the invention. Accordingly, the scope
of the invention should not be limited by what has thus far
been described, but by the appended claims and their legal
equivalents.

What is claimed is:

1. A method of geometrical modeling comprising:

acquiring from a scene 3D data to provide an acquired

point-cloud having N points in a 3D coordinate system:
acquiring from said scene a 2D image defined over a two-
dimensional array of M pixels; and

based on both said 2D image and said acquired point-

cloud, using a processor to create additional points in
said 3D coordinate system by associating pixels in said
2D array with direction vectors deduced using said 3D
data, and generating a three-dimensional model of said
scene using said additional points in said 3D coordinate
system, said three-dimensional model being defined
over a reconstructed point-cloud having P points at a
higher density than that of said acquired point-cloud,
wherein said P, said N and said M satisfy the relation
N<P=M.

2. The method of claim 1, wherein said generating said
model, comprises reconstructing a point into said recon-
structed point-cloud for each of at least a portion of said pixels
in said array.

3. The method of claim 1, further comprising calibrating
said array according to said acquired point-cloud prior to said
generation of said model.

4. The method of claim 1, further comprising acquiring an
additional 2D image from a different view angle, wherein said
generating said model comprises associating each of at least
a portion of said pixels in said array with a direction vector
deduced using said 2D image and said additional 2D image.

5. The method of claim 1, further comprising modeling,
based on said reconstructed point-cloud, at least one of: sur-
face in said scene, contours of surfaces in said scene, textures
of surfaces in said scene, and colors of surfaces in said scene.

6. The method of claim 1, further comprising associating
elements with subsets of said reconstructed point-cloud, and
modeling said elements.

7. The method of claim 1, further comprising repeating said
acquisitions and said generating said three-dimensional
model at least once so as to determine changes in the said
scene.

8. The method of claim 7, further comprising associating
elements with subsets of said reconstructed point-cloud, and
modeling said elements.

9. The method of claim 8, further comprising determining
changes in said elements based on said changes in the said
scene.

10. The method of claim 1, further comprising obtaining
additional data and using said additional data for reconstruct-
ing into said reconstructed point-cloud additional points cor-
responding to positioning of the object that are hidden by
other objects in said scene.

11. The method of claim 1, further comprising enhancing
said 2D image using said reconstructed point-cloud.

12. The method of claim 1, wherein said acquisitions are
carried out with a fixed relative angle.

13. The method of claim 12, further comprising fixating
said fixed relative angle while changing acquisition angles.

14. A system for geometrical modeling comprising:

a scanning system configured for acquiring from a scene

3D data to provide an acquired point-cloud having N
points in a 3D coordinates system;
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a 2D sensor configured for acquiring from said scene a 2D
image defined over atwo-dimensional array of M pixels;
and

a data processing system, configured for creating, based on
both said 2D image and said acquired point-cloud, cre-
ating additional points in said 3D coordinate system by
associating pixels in said 2D array with direction vectors
deduced using said 3D data, and generating a three-
dimensional model of said scene using said additional
points in said 3D coordinate system, said three-dimen-
sional model being defined over a reconstructed point-
cloud having P points at a higher density than that of said
acquired point-cloud, wherein said P, said N and said M
satisfy the relation N<P=M.

15. The system of claim 14, wherein said data processing
system is configured for reconstructing a point into said
reconstructed point-cloud for each of at least a portion of said
pixels in said array.

16. The system of claim 14, wherein said data processing
system is configured for associating elements with subsets of
said reconstructed point-cloud, and modeling said elements.

17. The system of claim 14, wherein said data processing
system further is configured for receiving additional data and
using said additional data for reconstructing into said recon-
structed point-cloud additional points corresponding to posi-
tioning of the object that are hidden by other objects in said
scene.

18. The system of claim 14, wherein said data processing
system is configured for enhancing said 2D image using said
reconstructed point-cloud.

19. The system of claim 14, wherein said scanning system
and said 2D sensor are positioned in a fixed relative angle.

20. The system of claim 19, further comprising a controller
configured for determining a relative positioning of said scan-
ning system and said 2D sensor.

21. The system of claim 20, wherein said controller is
configured for changing acquisition angles of said scanning
system and said 2D sensor, while fixating said relative angle
therebetween.

22. A computer software product, comprising a non-tran-
sitory computer-readable medium in which program instruc-
tions are stored, which instructions, when read by a computer,
cause the computer to receive an acquired point-cloud repre-
senting 3D data acquired from a scene and a 2D image of said
scene, wherein said point-cloud has N points in a 3D coordi-
nate system and said 2D image is defined over a two-dimen-
sional array of M pixels; to create, based on both said 2D
image and said acquired point-cloud, additional points in said
3D coordinate system by associating pixels in said 2D array
with direction vectors deduced using said 3D data; and to
generate a three-dimensional model of said scene using said
additional points in said 3D coordinate system, said three-
dimensional model being defined over a reconstructed point-
cloud having P points at a higher density of points than that of
said acquired point-cloud, wherein said P, said N and said M
satisfy the relation N<P<M.

23. The method of claim 9, wherein said additional data is
received from at least one of: a thermal sensor, a seismic
sensor, a millimetric-waves scanner.

24. The method of claim 17, wherein said additional data is
received from at least one of: a thermal sensor, a seismic
sensor, a millimetric-waves scanner.

25. The method of claim 1, wherein said acquiring said 3D
data is by a 3D scanner, wherein said acquiring said 2D image
is by a 2D sensor, and wherein said 3D scanner has a lower
resolution compared to said 2D sensor.
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26. The method of claim 25, wherein said 3D scanner is
selected from the group consisting of an RF scanner, a mul-
tiple 2D cameras, and a laser scanner.
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